AD  677844 


TRANSLATION  NO. 


* 


DDC  AVAILABILITY  NOTICE 

Qualified  requestors  may  obtain  copies  of  this 
document  from  DOC. 

This  publication  has  been  translated  from  the 
open  literature  and  is  available  to  the  general 
public.  Non- DO D  agencies  may  purchase  this 
publication  from  the  Clearinghouse  for  Federal 
Scientific  and  Technical  Information,  U.  S. 
Department  of  Commerce,  Springfield,  Va,* 


D  D  C\ 

]F'"*V  '  •  ^rpf 

NOV  2  2  1968 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick,  Maryland 

Reproduced  by  the 

CLEARINGHOUSE 
for  Federal  Scientific  &  Technical 
Information  Springfield  Va  22151 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


FREE-RADICAL  STATES  OF  A  CELL  AND  OF 
SUBCELLULAR  STRUCTURES 


Bloflzlka  (Biophysics)  E.  K.  Rouge,  V.  A.  Timoshenkov, 

Vol  H,  No  4,  July-August  1966,  and  L.  A.  Blyumenfel'a,  Physics 

pages  611-615.  Department,  Moscow  State  Univer¬ 

sity  imeni  M.  V.  Lomonosov. 


It  la  known  that  tissues  in  the  native  state  and  a  number  of  model 
systems  give  a  slightly  asymmetrical  singlet  signal  of  electron  paramag¬ 
netic  resonance  (EPR)  with  a  g  factor  close  to  the  g  factor  of  a  free  elec¬ 
tron  and  a  width  of  6-8  gausses  between  the  points  of  maximum  slope  (1-4). 
In  article  (5)  it  was  shown  that  the  signal  in  tissue  conforms  in  all  char¬ 
acteristics  to  the  signals  from  free  radicals  of  the  semiqulnone  type  ad¬ 
sorbed  cm  the  surfaces  of  protein  molecules.  Naturally  the  signal  from  an 
intact  cell  is  the  sum  of  the  signals  from  the  subcellular  components.  At 
present  intact  tissues  and  model  systems  have  been  investigated  in  detail 
and  several  articles  have  been  entirely  devoted  to  intracellular  structures 
(6-9).  We  investigated  the  characteristics  of  the  EPR  signals  from  the  in¬ 
tact  cell,  nuclei  and  mitochondria,  the  contribution  of  the  nucleus  and 
mitochondria  to  the  total  number  of  free-radical  centers  of  the  cell  and 
the  connection  of  the  free-radical  states  of  the  mitochondria  with  the  in¬ 
tensity  of  oxidation  and  phosphorylation. 

METHOD 

Tissue  and  subcellular  fractions  of  rat  liver  have  been  used  as  the 
items  studied.  The  preparations  of  isolated  nuclei  and  mitochondria  were 
obtained  by  the  methods  described  is  (10,  11).  The  oxidation  rate  was  meas¬ 
ured  on  the  polarograph  according  to  the  decrease  of  the  oxygen  content  in 
the  incubation  mixture}  the  phosphorylation  rats  was  measured  according  to 
the  diminution  of  inorganic  phosphate. 

The  lyophilioaUy  dried  speoiaens  were  measured  on  an  EPR  spectro¬ 
meter.  Oae  measurements  were  made  1— dlstsly  after  lyophili  sation .  All  the 
numerical  data  are  averaged  values  from  a.  series  of  experlaatits*  lbs 


r*l*tiv«  error  la  10-16  pare ant 


RESULTS 

Both  at  roan  temperature  (295°K)  and  at  the  temperature  of  liquid 
nl trojan  (77°K)  a  singlet  EPR  signal  with  a  g  factor  of  about  2  was  observed 
la  the  Intact  calls  and  auboellular  fractions*  In  Fig.  la  are  presented  the 
signals  from  the  tissue,  nuclei,  mitochondria,  and  the  centrifugate  remain¬ 
ing  after  precipitation  of  the  nuclei  and  mitochondria,  which  are  recorded 
at  roam  temperature.  Die  shape  and  width  of  the  signals  at  77 °K  conform  to 
the  shape  and  width  of  the  signals  at  295°K  (Pig*  l)j  the  increase  in  inten¬ 
sity  takes  place  according  to  Curie's  law*  It  is  seen  from  Fig.  1  that  the 
EPR  signal  in  intact  cells  differs  both  in  shape  and  width  from  the  signals 
in  the  nuclei  and  mitochondria.  The  signal  in  the  tissue  is  dearly  asymmet¬ 
rical;  the  atgMie  in  the  nuclei  and  mitochondria  are  almost  symmetrical. 

The  width  between  the  points  of  maximum  slops  erst  8  gausses  for  tissue  and 
10-12  geuseea  for  the  nuclei  and  mitochondria. 


1.  EPR  from  intact  cells  end  eubcellular 

fractions  at  room  temperature  296°K  (e)  and  77 °K  (b). 

1  —  liver  tie  sue}  2  —  nuclei;  5  —  mitochondria; 

4  —  centrifugate  (remaining  after  precipitation  of  the 
nuclei  and  mitochondria) 


In  Pig.  2  are  given  the  linear  anamorphoses  for  the  signals  from  the 
tissue,  nuclei  and  mitochondria.  As  ie  Men  from  Pig.  2b  and  2c,  the  shape 
of  the  signal  in  the  nuclei  is  almost  Indistinguishable  from  ths  shape  of 
the  elgnel  in  the  mitochondria,  lbs  central  porticna  of  all  three  elgnals 
are  described  b j  the  Lawrence  formula;  the  wings,  by  ths  Ganss  formula.  Hie 
transition  from  the  Lawranoc  form  to  the  Gauss  one  takes  place  with  e 


departure  of  4.5-5  gausses  from  the  center  of  the  line  for  the  signal  from 
the  tissue  and  10-12  gausses  for  signals  from  the  nuclei  and  mitochondria* 


The  saturation  curves  of  the  signals  from  the  tissue,  nuclei  and  mi¬ 
tochondria  practically  coincide.  The  saturation  curve  at  295°K  is  depicted 
in  fig.  5a,  and  the  one  at  77°K,  in  Fig.  3b.  Saturation  at  77°K  appears 
considerably  earlier.  The  shape  and  width  of  the  signals  at  saturation  do 
not  change.  The  absence  of  a  drop  in  the  saturation  curves  and  the  preserva¬ 
tion  of  the  shape  and  width  testify  to  the  non-unifora  broadening  of  the 
signals  ftrom  the  tissue,  nuclei  and  mitochondria. 

la  further  investigated  the  distribution  of  free-radioal  centers  in 
each  of  the  cell  components  (Table  1). 


TABLE  1 


System 

Number  of  free- 
radical  centers 
(per  cell)  ___ 

Thole  cells 

Mitochondria 

Nuclei 

Centrifugate  (after  precipitation 
of  nuclei  and  mitochondria) 

(l-1.5)*10^ 

<&!:$ 

(2-5) -ID16 

(1.6  t  0.5) *10® 
(4  i  i)*iof 
(2  *  0.5)  »108 

(5  *  1)*107 

As  is  seen  from  Table  1,  the  contribution  of  the  mitochondria  to  the 
total  number  of  free-radical  centers  of  the  cell  is  very  small,  and  it  is 
doubtful  whether  the  EPR  signal  recorded  in  the  tissue  is  connected  with 
the  oxidation-reduction  processes  taking  place  directly  in  the  mitochondria. 
The  contribution  of  the  nuclei  is  even  smaller.  Consequently  the  bulk  of 
the  free-radical  states  observed  in  the  intact  cells  arises  in  the  oxldar- 
tion-reduction  processes  taking  place  outside  the  nuclei  and  mitochondria 
—  in  the  cell  plasma.  The  process  of  Isolating  the  subcellular  fractions 
apparently  disrupts  the  conditions  far  the  formation  of  free-radioal  states 
in  the  cell  plasma,  since  the  signal  in  the  oentrlfug&te  remaining  after 
preoipitation  of  the  nuclei  end  mitochondria  is  smaller  than  the  signal  in 
the  tissue. 

The  appearance  of  a  comparatively  intense  EPR  signal  in  the  nuclei 
is  of  interest.  Zt  is  possible  that  this  signal  testifies  to  the  fact  that 
oxidation-reduction  processes  also  taka  place  Intensively  in  the  nuclei. 

The  preliminary  experiments  we  carried  out  showed  that  the  signal  In  the 
nuclei  is  extremely  stable.  The  long  incubation  of  the  isolated  nuclei  wi¬ 
der  aerobic  conditions,  the  pH  of  the  incubation  medium,  and  the  presence 
of  deoxyribonuclease  and  ribcnuoleaae  in  the  mixture  had  practically  no  ef¬ 
fect  on  the  intensity  of  the  signal.  Chi y  the  addition  of  e  strong  oxidising 
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fig.  2.  Linear  anamorphoses  for  EPR  signal  from 
a  —  tissue,  b  —  nuolai,  o  —  mitochondria. 

Along  the  abscissas  —  (H-Hq)2  in  gauaa2,  along  tha 

ordinataa  —  "fefR-  -  (l)|  lg  — =^5 —  (2)  in  relative 
I*  H“«0 

units* 


agent  —  0.02  M  fsrricyanid#  (KjFe  (CN)g)  —  lad  to  a  daoreasa  of  50-40  per- 
eaat  In  tha  concentration  of  fraa  radioala. 

Two  types  of  oentera  apparently  nay  be  responsible  for  the  free-radi- 
oal  states  in  tha  respiratory  oh* in  of  tha  mitochondria  t  tha  semi-oxidised 
forms  of  tba  florins  and  of  coansyns  Qi0.  In  article  (9)  it  haa  been  shorn 
that  sons  correlation  exist#  between  tha  stats  of  tha  respiratory  chain  and 
tba  oonosntration  of  fraa  radioala  in  tba  isolated  mitochondria  preparation. 
In  tba  present  article  we  tried  to  establish  a  link  between  tbs  EPR  signals 
In  tha  Mitochondria  and  tha  oxidation  and  phosphorylation  rates.  Ihe  saae 
samples  for  which  tha  coddation  rata  and  tha  decrease  in  inorganic  phos¬ 
phate  had  bean  determined  prerlonely  were  measured  on  the  SR  spectrometer. 


Fig.  5.  Saturation  curves  at  295°K  (a)  and  at  77°K  (b). 

Along  the  abscissas  —  ultra-high  frequency  detector  cur¬ 
rent  in  milli ampere a,  along  the  ordinates  —  intensity  of 
EPS  elgr.ftl  in  relative  units.  1  —  liver  tissue;  2  —  nu¬ 
clei;  S  —  mitochondria. 


The  composition  of  the  incubation  mixture!  0.05  U  KC1,  0.02  M  KHgPO., 

0.005  U  UgClp,  0.05  12  glucose,  0.0015  If  ATP,  hexokinase  (0.5  mg  per  1  ml 
mixture),  0.02  11  succinic  acid,  and  mitochondria  from  1.5-1.75  g  moist 
liver.  Succinic  acid  was  used  as  the  oxidation  substrate.  A  succinic  acid 
concentration  of  0.01-0.02  U  was  enough  for  creating  an  excess  of  substrate. 
The  temperature  of  the  incubation  mixture  was  18°,  the  incubation  time  was 
one  minute  (under  aerobic  conditions).  After  isolation  the  mitochondria 
were  rinsed  twice.  The  results  of  the  experiments  are  given  in  Table  2. 

It  is  evident  from  Table  2  that  the  oxidation  and  phosphorylation 
rates  also  depended  on  the  presence  of  various  cofactors  in  the  incubation 
mixture  of  the  substrate:  hexoklnase,  ATP,  inorganic  phosphate,  Mg+  ions, 
and  inhibitors.  The  inhibition  of  oxidation  and  phosphorylation  in  the  ab¬ 
sence  of  inorganic  phosphate,  hexoklnase  and  ATP  in  the  Incubation  mixture, 
as  well  as  the  interruption  of  oxidation  and  phosphorylation  by  means  of 
DNP  (2,4-et-dinitrophenol),  had  practically  no  effect  on  the  free-radical 
states  of  the  respiratory  chain.  The  presence  or  absence  of  the  oxidation 
substrate  substantially  changed  the  number  of  free-radical  centers.  In  the 
samples  without  an  external  substrate  the  concentration  of  free  radicals 
also  depended  on  the  Incubation  time  —  in  the  sample  frozen  for  one  minute 
it  is  greater  than  in  the  sample  containing  already  depleted  mitochondria. 
The  onset  of  anaerobic  conditions  as  a  result  of  the  consumption  of  all 
the  oxygen  In  the  polarographio  cell  and  the  Inhibition  of  the  transfer  of 
electrons  by  potassium  cyanide  (KGN)  and  azide  (NaNj)  did  not  lead  to  a 
noticeable  change  in  the  free-radical  states  of  the  mitochondria.  The  in¬ 
troduction  of  farrl cyanide  Into  the  incubation  mixture  halved  the  concen¬ 
tration  of  free  radicals. 
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TABLE  2 


Composition  uf 

Incubation 

Oxidation 

Fhoephoryla- 

Intensity) 

Incubation 

Conditions 

rate  (micro- 

ticn  rate 

of  EPS 

Mixture 

amperes  0 

(microamperes 

signal 

per  min** 

P  per  min.* 

(in  rel. 

*100  mg  mi- 

•100  mg  mito- 

units) 

chcndria) 

Complete 

Aerobic 

12.9 

17.1 

1.0 

Complete 

Up  to  anaerobic 

15.1 

15.6 

1.02 

conditions 

Without  succinic 

Aerobic 

1.9 

0.68 

acid 

Without  succinic 

Aerobic  to  da pie- 

MS* 

1 

0.52 

acid 

ticn 

Without  KHgPO. 
Without  haxokinaae 

Aerobie 

If 

2.6 

3.5 

0 

0 

0.93 

1.03 

and  ATP 

Without  MgClg 

12.2 

7.4 

1.15 

Complete 

+  2.10“*  U  BNP 

15.1 

0 

o.e9 

Complete 

4-5»10““  M  KCN 

0 

0 

0.91 

Complete 

4-5«10-3  U  NaN, 

0 

0 

0.95 

Complete 

4-  0.0225  M  malonate  0 

0 

0.79 

Complete 

4-0.0225  M  KjFeCCNjg  — 

— 

0.45 

If  the  mitochondria  mere  not  rinsed  the  differences  In  intensity  of 
the  signals  would  be  considerably  less.  This  is  apparently  caused  by  the 
large  amount  of  endogenous  substrates  in  the  unrinsed  preparation. 

Thus  the  impression  is  created  that  the  free-radical  states  of  the 
mitochondria  change  only  in  the  case  of  marked  effects  on  specific  sec- 
ticns  of  the  respiratory  chain.  On  the  one  hand  the  concentration  of  free 
radicals  decreases  with  a  substantial  decrease  is  the  concentration  of  the 
oxidation  substrates  and  upon  the  action  of  a  strong  oxidizing  agent,  farri- 
oy aside.  Ch  the  other  hand  the  blocking  of  the  oxygen  end  of  the  respirar- 
tory  chain  has  practically  no  effect  on  the  signal  intensity.  This  seeming 
contradiction  is  resolved  if  it  is  assumed  that  the  free-radical  centers 
—  the  semi-oxidized  forms  of  the  flavins  and  of  ooenzyme  ©  —  also  take 

part  in  the  equilibrium  between  the  reduced  and  oxidized  fonts  of  the  res¬ 
piratory  chain  components.  The  presence  of  the  signal  in  the  intact  pre¬ 
paration  shows  that  even  without  the  occurrence  of  the  enzymatic  oxidation 
process  part  of  the  flavins  and  of  coenzyme  Q,q  is  in  the  free  radical 
state.  The  insensitivity  to  anaerobic  conditions  and  to  inhibition  of  the 
oxygen  and  of  the  respiratory  chain  can  testify  to  the  presence  of  a  buffer 
of  sufficient  capacity  between  the  flavins,  ooenzyme  and  cytochrome 
oxidase.  The  substance  responsible  for  the  rsoorded  EPF;  signals  is  apparent¬ 
ly  modi  closer  to  the  beginning  of  the  respiratory  chain  than  to  the  oxygen. 
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At  the  same  time  it  should  be  remembered  that  the  bulk  of  the  free-radical 
centers  observed  can  be  formed  on  cue  of  the  branches  of  the  respiratory 
chain. 


Uie  absence  of  an  effect  of  the  interruption  of  phosphorylation  and 
oxidation  on  the  free-radical  states  of  the  mitochondria  attracts  attention* 


CONCLUSIONS 

1.  EPR  signals  from  intact  cells  and  sub cellular  components  differ 
in  shape  and  width,  which  testifies  to  a  certainppecificity  of  the  free- 
radical  centers  responsible  for  these  signals* 

2.  the  contribution  of  the  mitochondria  and  nucleus  to  the  total 
number  of  free-radical  centers  of  the  cell  is  small.  It  may  be  assumed  that 
the  EPR  signals  recorded  in  the  tissue  ere  not  directly  linked  with  the 
ooddation  process  in  the  mitochondria. 

5.  Some  correlation  exists  between  the  free-radical  states  of  the 
mitochondria  and  the  effects  on  specific  sections  of  the  respiratory  chain. 
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